Objective: Changes to the Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) occurred in 2009 when supplemental foods offered through the programme were updated to align with current dietary recommendations. The present study reports on a new index developed to monitor the retail environment's adoption of these new food supply requirements in New Orleans. Design: A 100-point WIC Availability Index (WIC-AI) was derived from new minimum state stocking requirements for WIC vendors. A sample of supermarkets, medium and small food stores was assessed in 2009 before changes were implemented and in 2010 after revisions had gone into effect. WIC-AI scores were utilized to compare differences in meeting requirements by store type, WIC vendor status and year of measurement. Setting: Supermarkets, medium and small WIC and non-WIC food stores in New Orleans, Louisiana, USA. Results: At baseline supermarkets had the highest median WIC-AI score (93·3) followed by medium (69·8) and small food stores (48·0). Small WIC stores had a higher median WIC-AI score at baseline than small non-WIC stores (66·9 v. 38·0). Both medium and small WIC stores significantly increased their median WIC-AI scores between 2009 and 2010 (P < 0·01). The increased median WIC-AI score in small food stores was largely attributed to increased availability of cereals and grains, juices and fruit, and infant fruit and vegetables. Conclusions: The WIC-AI is a simple tool useful in summarizing complex food store environment data and may be adapted for use in other states or a national level to inform food policy decisions and direction.
The Special Supplemental Nutrition Program for Women, Infants, and Children (WIC) was originally established in the 1970s as a response to the issue of malnutrition in the USA, particularly among vulnerable populations such as pregnant women and children (1) . Grants to operate the programme are provided to state agencies from the federal US Department of Agriculture's Food and Nutrition Service. State WIC agencies authorize vendors who are geographically distributed across their service area and also establish minimum stocking requirements for their authorized vendors (1) . Potential WIC recipients must be pregnant, breast-feeding or less than 5 years of age, meet income requirements and be considered at nutritional risk by a health professional to qualify to receive WIC benefits (1) . In addition to nutrition education and referrals to health care, WIC participants receive monthly vouchers that are redeemed for food items included as part of a WIC food package at one of the authorized WIC food store vendors (2) . WIC has demonstrated positive effects on the birth outcomes of prenatal WIC participants and positive effects on the food and nutrient intakes of participant children (3) (4) (5) . The programme has expanded over the years and currently serves over 10 million women and children (6) . While malnutrition and food security remain an issue with 14·5 % of American households experiencing food insecurity in 2010 (7) , the most recent estimates indicate that 68·0 % of American adults (8) and 31·8 % of American children (9) are overweight or obese. A combination of factors including advances in nutrition information, changes in dietary patterns, expansion of the WIC programme and increased public health concern related to overweight and obesity led to the 2006 Institute of Medicine report, WIC Food Packages: Time for a Change. Within the report, the Institute of Medicine laid out recommendations to revise the WIC food packages to align their contents more closely with current dietary guidelines (2) . The first substantial change to the content of the WIC food packages since the programme's inception 40 years ago was implemented in October 2009 (10) . Food packages were revised according to current US dietary guidelines to include low-fat milks, whole-grain breads and brown rice in addition to cash vouchers for purchasing fresh fruit and vegetables (10) . Compared with the previous WIC food packages, the new food packages are lower in saturated fat, cholesterol, total fat and sodium, and higher in fibre. In conjunction with the revisions in the food packages, stocking requirements for WIC-authorized vendors were also updated to meet these new requirements. Although the specifics of these renewed requirements vary by state, they generally included higher minimum stocking requirements for fresh fruit and vegetables, low-and reduced-fat milks and whole grains (10) . With more than 48 000 WIC-authorized vendors across the country, this presents a substantial opportunity to reach a large number of people (11) . WIC has achieved its success in improving dietary behaviour through nutrition education and by improving low-income households' access to nutritious foods. Historically this was viewed as economic access, the package being worth some $US 44·98 per month (12) , but a sizeable amount of recent research has suggested that geographic access may be important for influencing consumer dietary behaviour (13) (14) (15) (16) (17) (18) (19) (20) (21) (22) . Residents in many low-income neighbourhoods need to travel long distances to access healthy foods, increasing their cost and reducing their likelihood of purchase. For example, residents of low-income neighbourhoods with limited access to grocery stores take on average 47 % longer to access grocery stores than residents in higher-income areas with better access to stores (23) . The challenge is even greater for the 2·3 million Americans who do not have access to a car and are more than 1 mile (1·6 km) away from their closest grocery store (23) . For the new WIC food package to have a maximum impact, enough stores, especially small ones located in low-income neighbourhoods, would need to stay on the programme and agree to carry the new healthier options.
Overall, WIC vendors have been supportive of the food package changes (24) . Studies have begun to demonstrate changes in food store offerings before and after the revised policy was implemented. Increased availability of lowerfat milks, juice and whole grains was observed in WIC stores in two low-income neighbourhoods in Philadelphia, Pennsylvania between 2008/2009 and 2010 (25) . An assessment conducted within Hartford, Connecticut found that WIC-authorized vendors increased availability of fresh fruit and vegetables, lower-fat milks and whole grains between 2009 to 2010 (26) , while another study in Connecticut found increased availability of whole-grain products throughout the state between spring 2009 and spring 2010 (27) . WIC vendors in northern Illinois increased fresh fruit and vegetable availability between 2008 and 2010 (28) , while vegetable shelf space and availability of whole grains and reduced-fat milks increased in WIC stores in New Orleans, Louisiana between 2009 and 2010 (29) . These studies underscore the complexity of the retail food environment even when the focus is just on WIC foods. In addition to availability of food, quality, price, shelf space and variety of food items were assessed in the studies above.
Although vendors have made many positive changes, results of a multi-site study revealed there were many initial barriers in adhering to the new stocking requirements including having a good relationship with a supplier for the required food items, ensuring the ongoing supply of fresh foods and explaining the new requirements to participants (24) . Another multi-site study identified a number of challenges in meeting the stocking requirements, including lack of appropriate infrastructure, supplier awareness and meeting specific package size and form of some required items (30) . The stocking requirements are indeed extensive. For example, in Louisiana, WIC vendors are required to carry eighteen different foods and a total of thirty-five different varieties (e.g. five varieties of whole-grain cereals).
As the WIC food package revisions become institutionalized, nutritionists, programme managers and policy makers need simple tools to monitor the progress of changes in the retail food environment. This is, in part, a compliance issue for WIC vendors, and better tools will enable an improved monitoring of this. But assessment of the retail environment also extends to non-WIC store operators who operate in the same communities. For example, the Philadelphia study cited above found changes in non-WIC stores, even though they were not required to make changes (25) . Understanding how stores operate in relation to WIC requirements provides a good benchmark for evaluating a community's retail food environment.
The current study describes the development of a new WIC Availability Index (WIC-AI) that was designed to be simple, easily understandable, transparent and applicable for both food environment researchers as well as public health practitioners to quickly assess and compare WICapproved food item availability. The index was tested with data collected from the retail food environment in New Orleans, Louisiana to examine differences between WIC and non-WIC stores and to examine compliance in WIC stores a year after package changes were instituted.
Methods
The WIC-AI was developed out of a larger natural experiment with pre-post test design examining the impact of WIC food package revisions on the food retail environment in New Orleans using the store as the unit of analysis.
The store sample for the study was generated by merging a 2009 WIC vendor list obtained from the Louisiana state WIC department with our New Orleans food store census data in which we conduct annual observations of all food retail outlets in New Orleans (31) . All WIC and non-WIC stores were identified and categorized to include supermarkets (annual sales > $US 5 million), medium (annual sales $US 1-5 million) and small food stores (annual sales < $US 1 million). Of the 176 WIC and non-WIC supermarkets, medium and small food stores identified in our 2009 store census, 157 were visited by our survey teams and 139 (79 %) were observed in September 2009, before the implementation of the WIC food package changes. Survey teams were not able to visit nineteen stores before time ran out on this data collection period. Any potential bias for not including information on these stores should be minimal because stores were approached in a random sequence. Eighteen stores did not grant permission for the store observation, mostly because the store manager was not present. Data were collected in the observed stores again in September and October of 2010, one year after the WIC food package change. A total of 128 stores were observed again in 2010 and used as the analytic sample, representing 92 % of the 2009 sample.
An in-store survey previously developed and tested in New Orleans (32) with inter-rater reliability measures ≥ 0·95 (33, 34) was modified to include information on the availability of all categories of food items eligible for the Louisiana State WIC Program, except specialized milks such as lactose-free milk. The availability (yes/no) of fifty-six items was assessed based on programme requirements, which included specific brands for some foods (e.g. cereals, breads and rice), specific types for other foods (e.g. low-fat milks) and a range of varieties of other foods (e.g. fruits and vegetables). These items were contained in nine different sections within the survey instrument: Proteins, Whole Grains, Cereals, Milk, Eggs and Cheese, Infant Formula and Cereal, Infant Fruit and Vegetables (jars of puréed fruit and vegetables), Juice and Fruit, and Vegetables. For example, within the Cereal section of the survey instrument, the presence (yes/no) of fifteen different varieties of cereals was assessed. Each of the fifteen varieties of cereals that were included in the survey instrument was specified as approved in the Louisiana State WIC Program vendor stocking requirements. For fruits and vegetables, we itemized those that were common to stores in New Orleans, and also recorded the availability of other fruits or vegetables that were not on our list. Graduate public health students and community project assistants were trained by Tulane staff on the proper protocol for in-store survey implementation. The permission of store operators or managers was obtained before data were collected onsite. The study did not involve human subjects and was exempt from Tulane institutional review board review.
WIC Availability Index
The WIC-AI was developed from the in-store survey as a summary score to assess the availability of all WIC foods. The WIC-AI was modelled on the Healthy Eating Index with total points ranging from 0 to 100 and encompassing ten different components (35, 36) . The WIC-AI components and score are detailed in Table 1 . Each of the ten components represents a category of WIC food package item (milk, grains, fruits, vegetables, etc.) and has a component score between 0 and 10. In defining the ten categories we attempted to develop a balanced index that would reflect weighting across dietary needs aligned with the US Department of Agriculture's Choose My Plate (37) and Dietary Guidelines for Americans (38) but also maintain enough disaggregation to represent the challenges at the retail level of carrying all these foods. For example, cereals and grains were grouped into one category as were milks and cheeses for nutrition reasons, but eggs, legumes and fish were categorized separately because of the different implications for supplying to and carrying in a store. This is particularly important to consider when applied to small food stores. The ten components were then further divided and assigned subcomponent scores (e.g. infant fruits (0-5) and vegetables (0-5)). Subcomponent scores were based on the Louisiana State WIC Program requirements for varieties of specific food items. Stores were awarded points on each of these subcomponents based on availability of subcomponent varieties. A maximum score was given for meeting the state criteria, 0 points were given if the store did not carry a product, and a linear scale was used to assign points that partially met the criteria (e.g. three out of five varieties of cereals scored 3 points). Total points, after summing all subcomponent scores, ranged from 0 to 100.
Data analysis
WIC-AI values were not normally distributed so median scores are reported rather than means. Wilcoxon signedrank tests were used to determine significant differences in WIC-AI values at baseline by store size and WIC vendor status as well as comparisons of baseline and follow-up values. Stores that were not measured in both 2009 and 2010 were excluded in the final analysis. All analyses were conducted using the statistical software package SAS version 9·2 (2008).
Results
Nearly all WIC stores participated at baseline (94 %) and the majority of non-WIC stores also participated (72 %). As shown in Table 2 , baseline results showed that the median WIC-AI score was highest in supermarkets (93·3), followed subsequently by medium (69·8) and small food stores (48·0; P < 0·01). Examining each store type by WIC vendor status at baseline, there was no difference in median WIC-AI score for supermarkets. Although there was a larger difference in median WIC-AI score between the medium WIC (71·3) and non-WIC food stores (56·8), it was not statistically significantly at a value of P < 0·05. However, medium WIC food stores were significantly more likely to carry infant cereals than non-WIC medium food stores at baseline (data not shown). Small WIC stores (66·9) had significantly higher median overall WIC-AI score than small non-WIC stores (38·0) at baseline (P < 0·01).
Follow-up in-store data from 2010 (Table 3 ) demonstrated very little change in median WIC-AI score for supermarkets regardless of WIC vendor status from 2009 to 2010. Significant increase in median WIC-AI score was observed from 2009 (71·3) to 2010 (86·8) in medium WIC stores (P < 0·01). There was also a significant increase in median WIC-AI score from 2009 (66·9) to 2010 (85·5) in small WIC food stores (P < 0·00001). Additionally, significant positive improvements were seen in small non-WIC (P < 0·05) stores from 2009 to 2010 (results not shown).
The components that showed change and helped contribute to this increase of overall WIC-AI score were examined in depth in small food stores, since these stores are least likely to carry healthy foods and are most commonly located in low-income neighbourhoods (Table 4) . Cereals and grains increased in WIC stores from 2009 to 2010 (P < 0·01). Juices and fruits increased in both WIC and non-WIC stores from 2009 to 2010 (both P < 0·01). Although non-WIC small food stores doubled the vegetable component score, this increase was not significant. The fourth WIC-AI component that demonstrated change was infant fruits and vegetables, which increased in WIC stores from 2009 to 2010 (P < 0·01). 
Discussion
The present paper reports on the development and testing of a simple transparent monitoring tool for assessing the retail food store environment relative to the WIC programme's new food package requirements. Results of the study demonstrated that in New Orleans in 2009 median WIC-AI score was highest in supermarkets, followed by medium food stores and small food stores. No difference in median WIC-AI score was observed between supermarkets by WIC vendor status in 2009, although the median score was higher in small WIC stores than small non-WIC stores in 2009. No change in median WIC-AI score was observed among supermarkets from 2009 to 2010, largely due to ceiling effects as scores were already high in 2009. However, the median score increased from 2009 to 2010 in both medium and small WIC stores. The increase in WIC-AI score in the small WIC stores was attributed to increased availability of cereals/grains, juices/fruits and infant fruits and vegetables. Interestingly, small non-WIC stores also showed improvements in the juice/fruit category, and marginally in the vegetables category. Supermarkets have the largest capacity to carry a variety of food items, followed by medium and small food stores so it is appropriate that before the updated WIC vendor guidelines were enforced, supermarkets scored highest followed by medium and small food stores on the WIC-AI. This may also explain why no difference was observed between WIC and non-WIC supermarkets and no change was observed from 2009 to 2010 among supermarkets. Before the revised guidelines were implemented, small WIC stores scored higher on the WIC-AI than small non-WIC stores. Increased scores were observed in both medium and small WIC stores from 2009 to 2010. This is consistent with other findings that WIC vendors carry more fresh fruit, lower-fat milks, and have greater availability of whole-grain bread and brown rice than non-WIC vendors, and healthier options overall, both before and after revisions to the WIC food package were implemented (25, 26) . However, our data also demonstrated an increase in fruit and vegetable availability within small non-WIC stores. This may indicate that there is an increased demand among all consumers that the store owners are responding to.
Although it is difficult to compare our results directly with other studies, there is basic concordance with what is being found in the literature on the WIC food package change. Andreyeva and colleagues developed a Healthy Food Supply Score to summarize the availability, variety, quality and prices of healthy foods contained in the revised WIC food package (27) . Similar to results reported in the present paper, Andreyeva et al. found increased scores from 2009 to 2010, largely among WIC-authorized convenience and grocery stores, although a smaller increase was observed among non-WIC convenience and grocery stores. However, the increased scores observed in Connecticut were due largely to increased availability and variety of whole-grain products, while our analysis determined that increased availability of juices/fruits and infant fruits/ vegetables in addition to cereals/grains contributed to the increased scores within small WIC stores and juices/fruits and vegetables contributed within small non-WIC stores. Other investigators have also found store owners reported increased sales of and WIC recipients reported increase home availability and consumption of some of these same items shown to have increased in the retail food environment in New Orleans after the implementation of the revised WIC food packages (29, (39) (40) (41) (42) (43) . As with any index, detailed information is lost by reducing complex information into one number. Being one of the primary objectives of the study, the use of the tencomponent (and subcomponent) WIC-AI captured and summarized a multitude of retail food store environment information for easier comparison. However, in doing so, we not only categorized specific food items into groups based on a reflection of dietary needs but also to reflect the challenges for retailers to carry the food items. This was 
WIC, Special Supplemental Nutrition Program for Women, Infants, and Children; IQR, interquartile range. *P < 0·05, **P < 0·01.
particularly important when examining the small food stores who were expected to have the largest challenges in accommodating the revised WIC stocking requirements. A second limitation concerns the lack of information in the index on unhealthy food availability. Previous work has shown the importance of foods such as sodas, chips and candies to the overall food environment and their negative association with health outcomes such as weight status (31) . However, our focus in the current paper was to develop a tool that could quantify the extent to which stores were adopting the new WIC guidelines, which do not include restrictions on non-WIC supported foods. Certainly an interesting topic for future research would be the impact of the WIC changes on the availability of unhealthy foods.
A relatively large sample of stores (79 %) in New Orleans was studied here, so these findings are likely to be representative of the city's retail environment. Of the stores not observed, about half were due to survey time limitations and half were due to store refusals, but there is no reason to believe these stores are systematically different from stores in our sample.
As with all localized studies, results may not be generalizable to other cities, states and areas of the country. The WIC-AI was developed based on the Louisiana WIC requirements that meet federal guidelines. The specific foods authorized by state agencies do vary to allow substitute foods to accommodate cultural food preferences of local participants and characteristics of local food vendors (10) . However, all state requirements must meet the federal guidelines, and the major food categories are consistent across state agencies.
Andreyeva and colleagues developed a Healthy Food Supply Score to summarize information collected within food stores on availability, quality and price (27) . The WIC-AI is solely focused on availability, so the meaning of the summary score is more transparent. At an aggregate level, it provides an overall measure of the availability of WIC foods. Component scores can also be used to provide a measure of the availability of specific food groups. The WIC-AI scores would be easy to adapt for use in other cities, states or at a national level. The WIC-AI is a useful food environment research tool but could also be useful for other practitioners interested in examining their food retail environment contents. Researchers in California demonstrated the feasibility and usefulness of a general retail food store scoring system for public health practitioners in their CX 3 Retail Food Store Score (44) . The WIC-AI could be adapted for use in other states by aligning the specific WIC-approved items to those allowed by the state agency. For example, in Louisiana canned tuna and salmon are accepted fish options whereas in other states, mackerel or sardines may also be approved. The survey tool and WIC-AI could be adapted to assess availability of the authorized food items particular to the state requirements.
Conclusion
In conclusion, the WIC-AI proved to be a simplified way to summarize complex food store environment data and was able to detect expected differences between WIC and non-WIC stores as well as differences between store sizes. Future research could include an examination of differential impact by various neighbourhood characteristics, particularly focused on those neighbourhoods considered to be 'food deserts' lacking access to full-service grocery stores. Research linking sales data with food consumption data should also be a high priority for the future. Additionally, monitoring sustained changes in food availability over time will inform investigations of the long-term impact of the WIC food package change on the neighbourhood food retail environment. Having a measure of progress across all stores allows for continued monitoring of improvements in access to healthy foods and a consideration of the potential for policy initiatives to improve access to healthier food options in a variety of store types and sizes.
